There have been many papers (both theoretical and empirical) 
Introduction
Charles Darwin was 29 when he developed the theory of natural selection and Albert Einstein was 26 when he developed the theory of relativity. Isaac Newton started working on his famous theory of gravitation when he was only 24 years old. Moreover, in the field of economics, Robert Barro re-launched the debate about the impact of debt-financed tax cuts when he was 29, as well as the Nobel Prize laureate James Tobin, who published his famous paper Liquidity Preference and Monetary Policy in the same age. John Nash started his work on his theory of noncooperative games even when he was just 22. Gary Becker, Franco Modigliani, Robert Solow or Harry Markowitz also started their work, later awarded with Nobel Prize, when they were not older than thirty. These facts can support the belief that scientific output 1 (quality as well as quantity) is negatively correlated with age.
There have been many papers (both theoretical and empirical) in the last hundred years, which tried to explain the relationship between age and scientific output in the academia. Although most of those papers conclude that the productivity of scientists declines after reaching certain age and then continuously declines, there is still no agreement about the factors, which stand behind the reverse U-shaped ageproductivity curve.
The aim of this paper is to summarize the theoretical arguments, which may explain the declining productivity of scientists in later phases of their life cycle. Moreover, it provides preliminary analysis of relationship between age and scientific output of Czech economists. Because the recent studies do not take age as relevant factor influencing the scientific performance, an alternative approach examining productivity dependency upon phase of academic career is also provided.
The age -productivity relationship: theoretical background
Probably the first researcher to explore the relationship between scientific productivity and age was American physician George M. Beard (Beard, 1874 (Beard, , 1881 . According to his research, the productivity of scientists grows to the age of forty and then gradually declines. He stated that, seventy percent of the work of the world is done before 45 and eighty percent before 50 (Beard, 1881 Figure 1 . According to Beard's view, the shape of the productivity curve is a result of physical ageing of the human body. He stated that human productivity (both physical and intellectual) declines with age because …the nervous, muscular, and osseous systems rise, remain and fall together (Beard, 1881) . Although Beard's arguments can seem very weak from today's point of view, it must be said that he was the first and for 70 years the only scientist who examined the relationship between the age and productivity.
One of the most cited publications which support Beard's view is Lehman (1953) . Although Lehman's research methodology has been criticized in the past, his results and conclusions are still accepted. Lehman examined all discoveries listed in prominent histories of science and constructed charts showing the number of discoveries made in each five-years period. He found that more discoveries are made by young scientists than by old ones. His methodology was criticized (among others) by Cole (1979 For the purpose of this paper, mentioning Lehman's book is essential. Lehman was the first who aimed his research at economists.
2 According to his research, economists as well as other scientists publish most after the beginning of their career (around 35) and then their productivity declines.
After Lehman, a significant amount of papers dealing with the relationship between age and productivity appeared. Among others, Zuckerman and Merton (1972) , Cole (1979) , Diamond (1984) , Colander (1989) , Goodwin and Sauer (1995) , Oster and Hamermesh (1998) or Breschi et al. (2004) can be mentioned. While some of those papers confirm the validity of Beard's law, some provide opposite results. Before providing results of my own research, it will be useful to summarize arguments of both advocates and opponents of the reversed U-shape productivity curve.
The oldest arguments of Beard's law advocates are physical and intellectual attributes of human being. As stated before, especially earlier studies (Beard, Lehman) put stress on these factors. In older age, the flexibility, psychical vigor, energy and resistance to fatigue continuously decline, but all these attributes are essential for creative work. Also the probability of serious illness increases with the age.
3
Different arguments appeared after Gary Becker's human capital revolution. Human capital investments provide decreasing return. If we assume the marginal cost of publishing a paper (measured for example with the loss of leisure) being equal for young and old scientists, the marginal revenues from used effort are much lower for the older scientists. Thus, it motivates the younger scientists to working on research and publishing books and papers instead of using leisure.
Some authors (for example Diamond, 1984 , Goodwin and Sauer 1995 , Dalen, 1997a state that the decline in productivity is not caused by the age itself, but rather by the phase of scientist's academic career. There are several events, which usually happen in Figure 1 Graphical illustration of the Beard's Law older age. As examples, heading the departments or faculties, membership in scientific or advisory boards or refereeing can be mentioned. All these functions undoubtedly reduce the time, otherwise available for research. To illustrate this point, let us look at Goodwin and Sauer's study. They compared productivity of individuals who accepted the position of department head ten years after finishing their Ph.D. and other individuals, who haven't accepted such function. According to that research, immediately after becoming a head of department, the publication activity drops to less than half of previous level. Moreover, even if the scientist returns to a normal status after 5 years, his productivity remains still very low. Once one's attention is allocated to other duties for a sustained period of time, the individual's stock of research capital has been substantially depreciated. The previous level of productivity is never recovered (Goodwin and Sauer, 1995) .
Of course, there can be found several arguments in the literature, which are not necessarily in favor with Beard's law. Let me present two of them. The first one is connected with so called reputational capital.
4 If a scientist publishes significant papers at the start of his career, he gets a reputation which yields positive returns in subsequent periods. Such scientist gets better opportunities to get funding for further research, to get to a more prestigious institution, and to get better technical equipment. All these factors can increase his research productivity in the future. And even if the chief editors of famous scientific journals always assure of double-blind process when reviewing papers, it is possible that editors will prefer publicly known scientist instead of a not so famous one, even if the quality of their papers is the same.
One very important factor influencing the development of scientific performance through the life cycle is also the rewarding system in the academia. If a scientist is rewarded for his publications, one can assume that he will continue with his publication activity in the latter part of his life. Thus, it can be factor against the validity of Beard's law. However, if the rewarding system in the academia does not reward publication activity (or favors higher positions instead of high publication activity), it can motivate scientists to publish only at the start of their career to get to higher positions. Most people will not continue an activity as arduous as scientific research unless they are rewarded for it (Cole, 1979) .
Age and productivity of Czech economists
In the Czech Republic, there have been significant papers on scientific performance of economists or academic institutions published recently 5 . However, they've been primarily aimed on the differences in publication activity of economists, departments, 5 See especially the work of Gregor and Schneider (2005) , Gregor (2006) , Münich (2006) , Turnovec (2005 Turnovec ( , 2007 and Kolcunová (2005, 2008 Wroblowský (2008) . Although in this paper quite simple research methods are used, it can be taken as a starting point for further research. As a source of data, the ISI-Web of Knowledge database for the sample of Top 50 economists according to publication score (Turnovec, 2005) was used. It can be assumed that those economists generated a significant number of significant publications during their life and academic career. However, the sample does not contain hardcore economists only, but also scientists who make their research in the field of economics, although their specialization is in a different science (mathematicians, statisticians etc.). For each economist of the sample it was necessary to get the year of the birth. In most cases, those years were derived from official personal websites. When such data were not available, scientists were contacted and asked to provide it. From those economists, only one of them refused to provide his year of birth. The same procedure was used with obtaining the years of their PhD's.
First, let us turn the attention to the simple ageproductivity relationship. For each age from 24 to 64, the average number of publications was computed for the sample. 6 The results of research are shown in Figure 2 . It is vital to mention that the quality of publications was not a part of this research, so each publication received the same value, no matter where it was published. In the case of multi-authored papers, the proportional value was given to each author. Obtained results confirm the validity of Beard's law. Another graphical illustration of the publication activity in different ages can be obtained using four-year intervals. Results are shown in Figure 3 . As mentioned before, recent theories state that the decline in publication activity in not caused by age itself, but rather by situations and events during scientists academic career, which are usually connected with higher age. Thus, it is necessary to draw attention from human age to the development of academic career. For this part of research, we use the same sample, but instead of age interval the period starting five years before the dissertation and ending 25 years after it is used. Obtained results are shown in Figure 4 . Although the decline of the scientific performance is not so significant (compared with the simple ageoutput relationship), it is obvious that the publication activity declines in the later phase of academic career. Before we provide possible explanations of such shape t-5 t-1 t+3 t+7 t+11 t+15 t+19 t+23
Average Number of Publications Trend of career-output curve, let we again show the same relationship using four year intervals 7 in Figure 5 . 
Interpreting the results
If we look at the simple age -productivity relationship, expected results were obtained. Publication activity of Czech economists grows in the first part of their life-cycle and declines in the latter one. However, there can be found several details that are specific (compared with other studies) for the Czech Republic. What can be found most interesting is that the Czech economists reach the peak in their productivity in the higher age, compared with the results of all other available studies. Also the fact that average economist belonging to the 60-63 age interval is more productive than average economist in the 28-31 interval, can be taken as surprising. Although it is difficult to provide one final explanation of that, it can be caused by the specific situation of post-socialist countries. A significant number of scientists from the sample are people who lived part of their academic career before the velvet revolution. In that time, their chance to get the necessary literature, to do independent research and to publish in prestigious foreign journals was low, if even not-existing. This factor can cause a significant bias in obtained results. A relationship between productivity and phase of academic career is not surprising. Productivity dramatically increases before the dissertation, which is a result of the need of publishing to get the PhD benefits from increased research activity before the dissertation appear in following years (thus, the number of papers published remains almost constant 7 Compared with the Figure 4 , the interval was modified by adding one more year to get partial intervals with the same length of 4 years. or even slightly increases), but as soon as this effect disappears, productivity declines.
Conclusion
The results obtained for the community of Czech economists confirm findings of Dalen (1997b) that economics is a young man's game. He states that ...the average Nobel laureate is equipped with the following blessings: talent, an independent or an outsider's mind, a love for risky projects, a nose for being at the right place in the right time, the gift to see the fundamental problems and, last but not least, luck. However, those attributes are not necessary for Nobel Prize laureates only, but generally for any successful economist. And although it can be a speculation only, we think that a young economist has much better chance to have those attributes than an older one.
For the future, there still remain opportunities for research in the field of scientific productivity of Czech economists. At first, it will be useful to try to include the quality of published papers. Second, by working with all publications (i. e. not only with those published in journals with impact factor) the sample of economists can be widened. It would be interesting to see the comparison of the age-productivity relationship of the high-publishers and low-publishers, but the sample used in this paper is too small for such research. Also a relationship between productivity and the age of becoming associate professors or professors can be a subject of further research.
